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TREATMENT OF MACULAR HOLES WITH
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LIMITING MEMBRANE PEELING
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Removal of the internal limiting membrane (ILM) has been proposed as a useful surgical approach to
enhance the closure of macular holes and the adjuvant indocyanine green (ICG) staining has been reported
to facilitate ILM peeling. This study attempts to determine the efficacy and safety of ICG-assisted retinal
ILM peeling in macular hole surgery. Seventeen eyes of 16 patients with stage 3 or 4 macular holes were
included. All eyes underwent a pars plana vitrectomy, including the peeling of the posterior cortical hyaloid
when necessary. ICG dye (0.5%) was instilled into the posterior vitreous cavity and left in place for 30
seconds. The retinal ILM was peeled after ICG removal. The procedure was completed with an intraocular
tamponade (16% perfluoropropane), after which the patient remained in a face-down position for 1–2 weeks.
ICG staining greatly facilitated the surgeon’s ability to visualize and peel the ILM during surgery. Anatomic
closure of the macular hole was achieved in 15 eyes (88.2%). However, the postoperative best-corrected
visual acuity improved by two or more Snellen lines in only three eyes, remained the same in 13 eyes,
and deteriorated in one eye. There was no statistically significant improvement in postoperative visual
acuity. In conclusion, while ICG facilitates ILM peeling by providing a stark contrast between the stained
ILM and the unstained retina, our results revealed that ICG might cause retinal damage and hinder visual
acuity improvement.
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A macular hole is a condition in which an anatomic opening
or dehiscence develops in the fovea and causes severe
vision loss. The prevalence is around 1/3,300 [1]. It usually
develops in the sixth or seventh decade of life. The precise
pathogenesis of macular hole formation remains con-
troversial, but it probably involves tangential and
anteroposterior vitreofoveal traction [2]. Removal of the
internal limiting membrane (ILM) has been proposed as a
potentially useful surgical approach to enhance the closure
rate in macular hole surgery [2–4]. However, removal of the
ILM is difficult due to poor visualization of the membrane.
Recently, staining of the ILM using indocyanine green
(ICG) has been reported to result in better visibility and
facilitated removal [5,6]. This study determined the efficacy
and safety of ICG-assisted retinal ILM peeling in macular
hole surgery.
PATIENTS AND METHODS
We reviewed the charts of patients who had undergone
pars plana vitrectomy and ICG-assisted ILM peeling for
macular hole repair in our department between March 2001
and August 2002. All operations were performed by one
surgeon (TT Wu). The best-corrected preoperative visual
acuity was 6/12 or worse. The following data were collected:
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age, sex, stage of macular hole, duration of visual complaints,
preoperative and postoperative best-corrected visual acui-
ty, cataract status, presence of an epimacular membrane,
intraoperative complications, postoperative complications,
and anatomic outcome. Anatomic success was defined as
complete disappearance of subretinal fluid and closure of
the macular hole. Functional success was defined as visual
acuity improvement of at least two Snellen lines. Detailed
informed consent was obtained in each case.
Patients underwent standard three-port pars plana
vitrectomy. The posterior hyaloid over the optic disc was
surgically separated from the posterior retina when posterior
vitreous detachment was not present. After completing the
vitrectomy and epiretinal membrane removal, 0.2–0.5 mL
of 0.5% ICG dye (5 mg/mL; Daiichi Pharmaceutical Co Ltd,
Tokyo, Japan) was injected onto the posterior retina. The
dye was washed out after about 30 seconds, during which
time the infusion line was turned down instead of completely
clamped. We used a 21-gauge bent needle to create a small
slit in the ILM in the macular area and grasped the raised
flap of the ILM using intraocular forceps (Morris ILM
forceps, Alcon/Grieshaber, Schaffhausen, Switzerland). A
piece of ILM with a diameter twice as large as two discs was
torn in a circular motion around the macula, similar to that
seen during creation of a capsulorrhexis. The peripheral
retina was thoroughly checked for breaks before air-fluid
exchange. The area was flushed with 16% perfluoropropane
(C3F8). At the end of surgery, each patient received sub-
conjunctival antibiotics and corticosteroid. Each patient
was asked to maintain a face-down position for 1–2 weeks.
The ILMs were verifiably removed in all eyes, and 12 of
these were sent for histopathologic study.
RESULTS
Sixteen patients (17 eyes) were enrolled, including seven
males and nine females (Table). The mean age was 69.31 ±
6.96 years (range, 57–81 years). The macular hole was graded
according to the classification proposed by Gass as stage 3
in four eyes and stage 4 in 13 eyes [7]. Best-corrected
preoperative visual acuity ranged from 3/60 to 6/12. In 14
eyes, the macular hole was closed with a single surgical
procedure (Figure 1). The hole was closed with a second
operation in one eye, while the other two patients refused
further attempts. There was no complication during ILM
peeling except for small hemorrhages that stopped
spontaneously in some cases. The total anatomic success
rate was 88.2%.
The mean duration of ocular symptoms was 15.12 months
(range, 1–108 months). The duration was longer in the two
eyes with persisting macular holes (36 and 108 months)
(Table). Functional outcome after ICG-assisted peeling was
variable. Best-corrected visual acuity remained the same in
Table. Summary of patient data
    Visual acuity
Preoperative Postoperative
1 F/67 Left 4 6/60 6/60 Closed 6
2 M/78 Left 4 3/60 6/60 Closed 11
3 M/72 Right 3 6/60 6/60 Closed 2
4 F/70 Left 3 6/30 6/10 Closed 4
5 M/77 Left 4 6/60 6/60 Closed 6
6 F/64 Left 3 6/12 6/20 Closed 1
7 M/81 Right 3 6/60 6/30 Closed 2
8 M/79 Left 4 6/60 6/20 Closed 5
9 F/61 Left 4 3/60 3/60 Persisted 36
10 F/71 Right 4 3/60 6/60 Persisted 108
11 F/65 Right 4 3/60 6/60 Closed 18
12 F/65 Right 4 3/60 3/60 Closed 7
13 F/57 Left 4 6/60 6/60 Closed 14
14 M/64 Right 4 3/60 6/60 Closed 18
15 F/65 Right 4 6/60 6/60 Closed 1
Left 4 6/60 6/60 Closed 2
16 M/73 Left 4 6/30 6/15 Closed 16
*Macular hole stage refers to the Gass classification of macular holes [7]; †duration between initial symptoms and surgery.
Patient Sex/Age (yr)  Eye Stage* Surgical result Duration (mo)†
Kaohsiung J Med Sci March 2005 • Vol 21 • No 3
H.H. Wang, T.T. Wu, and S.J. Sheu
110
13 eyes, improved by two or more Snellen lines in three
eyes, and deteriorated in one eye (Figure 2). The mean
period of follow-up was 9.6 months (range, 2–21 months).
Macular retinal pigment epithelium (RPE) changes were
noted in three eyes (17.6%), all of which were small patches
within the former macular holes. However, none of these
involved the entire previous hole area. Before surgery,
eight eyes showed pseudophakia. Four eyes underwent
cataract extraction after vitrectomy. The mean postoperative
follow-up time in those who underwent secondary cataract
surgery was 8 months (range, 2–15 months). No post-
operative complications were noted. At the time of the last
follow-up, 12 of 17 eyes (70%) showed pseudophakia.
All the specimens sent for pathologic study, except for
two that were lost during processing, confirmed the pres-
ence of ILM (Figure 3). Some cells were found on the ILM in
three specimens (Patients 4, 8, and 14). We did not define
the exact cell types with further immunohistochemical
staining.
DISCUSSION
Recently, the anatomic success rate of surgical macular hole
Figure 1. (A) Fundus photograph of Case 15 before macular hole surgery showing full-thickness macular hole with surrounding subretinal fluid.
(B) Fundus photograph of the same eye 4 weeks after macular hole surgery showing the hole has closed completely.
Figure 2. Relationship between preoperative and last follow-up
postoperative best-corrected visual acuity in 17 eyes with closed macular
hole (white squares) and persisting macular hole (black squares). Eyes
with visual acuity improvement fall above the line.
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Figure 3. Electron microscopic appearance of a folded internal limiting
membrane specimen removed from the intravitreal indocyanine green-
stained area shows the smooth internal surface (arrowhead) and external
irregular surface (arrow) (× 3,000; white bar = 2 µm).
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repair has improved considerably. The introduction of
peeling of the ILM is thought to be an important adjuvant
for successful closure of macular holes. Yoon et al reported
that macular holes might occur and enlarge because of
tangential traction of the perifoveal acellular vitreous and
contraction of cellular constituents on the surface of the
ILM [2]. They encourage surgeons to remove the ILM to
obtain a better closure rate. Many subsequent reports show
that ILM peeling might favorably influence the success rate
and resultant visual acuity [3,4].
Although helpful, ILM peeling is technically difficult
due to the membrane’s transparency. Kadonosono et al first
reported the technique of ICG-assisted ILM peeling in
macular hole surgery. They showed that staining of the ILM
using ICG leads to better visualization of the ILM and easier
removal of the delicate structure with the least retinal
damage [6]. The recommended concentration of ICG in
their series is approximately 0.06%, dissolved in a
viscoelastic substance. They presented a satisfactory
anatomic closure rate of 92% and an improvement of visual
acuity of 89%. They reported no adverse effects of ICG.
Nevertheless, other series report much less favorable
functional outcomes compared with conventional ILM
peeling without adjuvant staining [8–10], although the
concentrations and durations of ICG staining varied in
different series. In the present study, ICG-assisted ILM
peeling helped to achieve a favorable anatomic outcome in
patients with a macular hole. The total closure rate of 88.2%
is comparable to those in previous reports of ILM peeling
surgery for macular hole with or without ICG staining [3,4,
6,9,10]. However, visual acuity improvement was limited.
We used commercially available ICG at a concentration of
5.0 mg/mL (0.5%) and left it intraocularly for 30 seconds
before removal. Because we did not turn off the infusion
line, the exact concentration of ICG in the eye should have
been much less than 5.0 mg/mL.
Our results indicated that the application of ICG during
macular hole surgery might cause retinal damage despite
helping the anatomic result. The underlying mechanisms of
the damage are unclear. Engelbrecht et al stated that unusual
RPE changes develop, not only in the area of the open hole
but also in the area within the cuff of subretinal fluid sur-
rounding the macular hole, after ICG-assisted ILM peel-
ing surgery [8]. They speculated that these RPE changes
might be due to the toxicity of ICG to RPE cells, or to the
enhanced phototoxicity associated with the use of ICG.
Only three of our 17 cases (11, 14, and 16) showed mild RPE
changes within the area of previous macular hole, which
was quite different from results reported by Engelbrecht et
al. In addition, one of these (Patient 16) showed moderate
visual acuity improvement from 6/30 to 6/15. The RPE
changes in our cases could be attributed to the sequelae of
macular hole with a relatively long estimated duration of
symptoms before surgical intervention (16–18 months) rather
than to the direct toxicity of ICG. Nevertheless, the toxicity
of ICG to RPE should not be neglected. The toxicity of ICG
to the retina is dose dependent in an animal model [9]. The
ICG may have caused only functional or trivial anatomic
damage but not gross anatomic damage to the retina in our
series. Rezai et al reported that ICG induces apoptosis
in human RPE cells after 30 minutes of incubation in
a concentration-dependent manner [10]. The actual con-
centration of the ICG (0.5% in the infusion cannula-open
eyeball) used in the present study might be less than that
(0.1% in the infusion cannula-clamped eyeball) in
Engelbrecht et al’s series. The lower concentration of ICG
might explain why only less favorable vision improvement
instead of obvious clinical RPE changes was found during
postoperative follow-up in our series. Haritoglou et al [11]
and Gandorfer et al [12] found obvious differences between
the ILM specimens removed with or without ICG under
electron microscopy. Retinal elements adhered to the retinal
surface of the ILM only in specimens with ICG staining. The
authors postulated that ICG might cause retinal damage by
altering the cleavage plane to the innermost retinal layers.
In our series, only three of our specimens (Patients 4, 8, and
14) showed cells on the removed ILM. The absence of cells
on the retinal side of the ILM might be attributed to pro-
cessing loss or inadequate cutting level. In a consecutive
series of 10 patients undergoing ICG-assisted ILM peeling
reported by Kwok et al [13], cellular elements adherent to
the retinal surface of the ILM were common. However,
compared with Gandorfer et al’s report, a more favorable
functional outcome was reported by Kwok et al. The exact
role of the presence of the retinal cells removed during the
course of ILM peeling on the functional outcome in ICG-
assisted macular hole surgery should be further evaluated.
In our study, eyes with a persistent macular hole had
symptoms for longer periods before surgery than those
closed successfully (36 and 108 months, respectively). This
finding is consistent with previous reports, which show
that chronic macular holes are more difficult to close than
those of shorter duration [14].
The results of our study were limited by the non-
randomized, noncomparative, retrospective design, low
patient numbers, and short follow-up (mean, < 12 months).
Because we adopted the ICG-assisted technique from
the beginning of this new surgery, we did not have a com-
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parative control group. Lai et al reported a prospective
analysis of 36 eyes in 36 patients undergoing ILM removal
for macular hole treatment without intravitreal applica-
tion of ICG and found a 92% single-procedure closure rate
with vision improvement in 72% of eyes [15]. Despite a
comparatively similar anatomic result, the visual outcome
in our study was much poorer. There are several possible
explanations for this discrepancy. The first is the different
clinical characteristics of the patients in the two groups. The
mean duration of ocular symptoms in our group was 15.12
months, which was much longer than the interval reported
in the literature. The possibility of mechanical trauma could
be excluded, as no obvious intraoperative complications
occurred except for minimal hemorrhage during ILM
peeling. Other possibilities are the direct toxicity of
ICG and ICG-enforced phototoxicity which are related to
the application of ICG [16]. Potential adverse effects of
intravitreal application of ICG are also suggested by Ando
et al [17].
In conclusion, intravitreal application of ICG facilitated
identification and enabled less traumatic dissection of
the ILM. However, it may have resulted in reduced visual
acuity improvement, which might be due to accelerated
retinal damage during ICG-assisted ILM peeling. The
underlying mechanisms remain unclear and are the subjects
of ongoing investigations. Further studies are required to
define the actual role of ICG in ILM peeling and to look for
other possible alternative staining materials.
ACKNOWLEDGMENTS
This study was supported by grant VGHKS-91-61 from
Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan.
REFERENCES
1. Freeman W. Vitrectomy surgery for full-thickness macular
holes. Am J Ophthalmol 1993;116:233–5.
2. Yoon HS, Brooks HL Jr, Capone A Jr, et al. Ultrastructural
features of tissue removed during idiopathic macular hole
surgery. Am J Ophthalmol 1996;122:67–75.
3. Brooks HL Jr. Macular hole surgery with and without internal
limiting membrane peeling. Ophthalmology 2000;107:1939–48.
4. Park DW, Sipperley JO, Sneed SR, et al. Macular hole surgery
with internal limiting membrane peeling and intravitreous
air. Ophthalmology 1999;106:1392–7.
5. Gandorfer A, Messmer EM, Ulbig MW, Kampik A. Indocyanine
green selectively stains the internal limiting membrane. Am J
Ophthalmol 2001;131:387–8.
6. Kadonosono K, Itoh N, Uchio E, Nakamura S. Staining of
internal limiting membrane in macular hole surgery. Arch
Ophthalmol 2000;118:1116–8.
7. Gass JDM. Reappraisal of biomicroscopic classification of
stages of development of a macular hole. Am J Ophthalmol
1995;119:752–9.
8. Engelbrecht NE, Freeman J, Sternberg P Jr, et al. Retinal
pigment epithelial changes after macular hole surgery with
indocyanine green-assisted internal limiting membrane
peeling. Am J Ophthalmol 2002;133:89–94.
9. Enaida H, Sakamoto T, Hisatomi T, et al. Morphological and
functional damage of the retina caused by intravitreous indo-
cyanine green in rat eyes. Grafe’s Arch Clin Exp Ophthalmol
2002;240:209–13.
10. Rezai KA, Farrokh-Siar L, Ernest JT, et al. Indocyanine green
induces apoptosis in human retinal pigment epithelial cells.
Am J Ophthalmol 2004;137:931–3.
11. Haritoglou C, Gandorfer A, Gass CA, et al. Indocyanine
green-assisted peeling of the internal limiting membrane in
macular hole surgery affects visual outcome: a clinico-
pathologic correlation. Am J Ophathalmol 2002;134:836–41.
12. Gandorfer A, Haritoglou C, Gass CA, et al. Indocyanine
green-assisted peeling of the internal limiting membrane may
cause retinal damage. Am J Ophthalmol 2001;132:431–3.
13. Kwok AKH, Tham CCY, Loo AVP, et al. Indocyanine green
staining and removal of internal limiting membrane in macular
hole surgery: histology and outcome. Am J Ophthalmol 2001;
132:178–83.
14. Thompson JT, Sjaarda RN, Lansing MB. The results of vitreous
surgery for chronic macular holes. Retina 1997;17:493–501.
15. Lai CC, Chuang LH, Ku WC, et al. Surgical removal of the
internal limiting membrane for the treatment of a macular
hole. Chang Gung Med J 2002;25:819–24.
16. Yam HF, Kwok AK, Chan KP, et al. Effect of indocyanine
green and illumination on gene expression in human retinal pig-
ment epithelial cells. Invest Ophthalmol Vis Sci 2003;44:370–7.
17. Ando F, Sasano K, Ohba N, et al. Anatomical and visual out-
comes after indocyanine green-assisted peeling of the retinal
internal limiting membrane in idiopathic macular hole surgery.
Am J Ophthalmol 2004;137:609–14.
Indocyanine green-assisted internal limiting membrane peeling in macular hole
113Kaohsiung J Med Sci March 2005 • Vol 21 • No 3
 !"#$%&'()*+,-./0
 = = = = = = 
 !"#$= =
 !"#$%&'()*+,-./0123456789:;<=2>?@
 !"#$%&'()*+,-./01234567 8%9&'(:
 !"#$%&'()*+,-./01=NS= !NT= !"#$"%
 !"#$%&'()*+ ,-%&./012345(67+81239
 !"#$"#%$&'()*+,= MKRB= !"#$%&'()*+
PM= !"#$% &'()"*+,&-./0% 1'2345-67=NSB
=U==P=`PcU !"#$%&'()*+,-./0123456789
 !" !"# $%&NR= =EUUKOBF= !"#$%&'()
 !"#$%&'()"*+,-./01234'(567568
 !"#$%&'()*+,-./0"#$-.1234567,89:
 !"#$%&'( )*#+,-./0!"#123456789: ;<
 !"#$%&'()*+,-./01234567809:-;<=>?@
 ! !"#$!%&'(!)*+,-.
 !"=OMMRXONWNMUJNP
 !"VP==U==NS=
 !"VQ==N==OQ=
 !"#$%&'
 !"#$%&
 !"#$ PUS
